Adequate energy and a balance of essential nutrients are dietary requisites if optimal growth and development are to be achieved during infancy. Energy deposition will be determined by the relative balance between the oxidative and synthetic processes within the body. The energy cost of growth may be regarded as two components, the energy deposited in newly synthesized tissues and the energy expended to support the metabolic processes necessary to achieve tissue accretion. Theoretical and experimental derivations of the total cost of growth and its components during infancy are the subject of this paper.
pigs that 31-4 and 48.5 kJ were required to deposit 1 g protein and fat, respectively. Applying these values to the 'male reference infant' with a weight gain of 32.6 g/d (11.4% protein and 40.8% fat), Fomon et al. (1971) derived a value of 23.4 kJ/g for the because the composition of weight gain changes throughout the first year of life, it follows that Eawponcnts will vary. Body compositional changes during infancy were estimated from measurements of total body water by deuterium dilution, and fat-free body mass (FFBM) by whole body counting of 40K (Fomon et al. 1982) . Based on metabolizable energy equal to 16.7 kJ/g protein and 37-6 kJ/g fat, Ecompmnts was computed as a function of age and sex (Table 1) . Ecomponents increases to approximately 17.6 kJ/g over the first 3 months of life and then declines to approximately 6.7 kJ/g. Table 1 . Energy cost of growth derived from body cornposition studies Energy cost of growth derived from energy balance studies on preterm infants and infants recovering from malnutrition The energy costs of growth and its components have been estimated from numerous studies on preterm infants and infants recovering from malnutrition, because of their accelerated growth velocities. A summary of these studies is presented in Table 2 .
Ec
The total energy cost of growth has been estimated by three approaches in the Literature: (1) as the slope of the regression of metabolizable energy intake (=I) on weight gain (WtG), (2) as the difference between ME1 and basal metabolic rate (BMR) divided by WtG, and (3) ; E,, was probably overestimated by this approach, because the estimates included the energy cost of physical activity and the thermic effect of feeding, which very Likely were significant in these children.
Energy storage in newly synthesized tissues is defined as the difference between ME1 and the total daily energy expenditure (TDEE). Until recently, the measurement of TDEE of infants has been difficult. Thus, estimates of the TDEE were made by extrapolation from measurements of oxygen consumption and carbon dioxide production monitored for less than 24 h, or by 24-h heart rate monitoring standardized with indirect calorimetry. Application of the doubly-labelled water method enables measurement of the TDEE of infants in a non-invasive manner (Lifson & Differences in Ecomponents can be ascribed to differences in the composition of the tissues synthesized. These estimates suggest that preterm infants deposit proportionally less fat than malnourished infants undergoing 'catch-up' growth, but this interpretation requires experimental verification.
Energy cost of tissue synthesis has been computed as (1) the difference between E,, and Ecomponenu, (2) the slope of the regression of TDEE on WtG and (3) the difference between metabolic rate and heat loss divided by WtG. The second approach assumes that factors affecting TDEE, other than WtG, are constant over the range of growth rates studied. This assumption would not be true, for example, if activity varied systematically with growth rate. The third approach is controversial because of the assumption that part of the energy used for tissue synthesis is not given off as heat and, therefore, the net energy of tissue synthesis may be derived from the difference in TDEE calculated from indirect and direct calorimetry. (1981) indicating that the augmented metabolic rate with increasing energy intake was associated with growth, and not at the expense of growth. The extra energy expended for tissue synthesis is believed to include the thermic effect of feeding. Brooke & Ashworth (1972) found that the increase in 0 2 consumption after a feed was related directly to the rate of WtG and could be regarded as a part of the energy cost of growth.
Energy cost of growth derived from energy balance studies on term infants There is a paucity of experimental data on the energy cost of growth for term infants. A recent investigation of the energy balance of term infants provides the information necessary to compute this cost (N. F. Butte, W. W. Wong, C. Garza and P. D. Klein, unpublished results). The energy intake, TDEE and growth rate of ten breast-fed and ten formula-fed infants were measured at 1 and 4 months of age (n 40). Human milk intake was determined from a 5 d test-weighing record. The intake of formula and supplemental foods was quantified for 5 d by weighing bottles before and after use. The energy content of 24-h representative human milk samples, formula, and supplemental foods was determined by bomb calorimetry. ME1 was assumed to be 92% of gross energy intake (Southgate & Barrett, 1966 Fig. 1 ). In the computation of E,,, Ecomponents and Esynthesis, the dependent and independent variables are usually normalized by body-weight. Whyte et al. (1982) have suggested that standardization by weight, as was done here, may result in an incorrect slope. Alternatively, a multiple linear regression model may be used to estimate the partial coefficient, b2:
This multiple regression analysis was performed including variables of feeding mode, age and sex. E, was equal to 20.1 kJ/g by this approach. No interactions were detected between the independent variables, indicating that E, was not a function of bodyweight. Partial coefficients were parallel and coincided for breast-fed and formula-fed infants (20.1 v . 16.3 kJ/g respectively), and for 1-and 4-month-old infants (15.9 v . 18.4 kJ/g respectively). Partial coefficients were indistinguishable between the sexes.
Energy storage for these infants averaged 481 (SD 464) kJ/d or 96 (SD %) kJ/kg per d, which was equivalent to 21.6 (19.3)% of MEI. Ecomponents derived from the simple regression of energy storage on WtG was equal to 22.6 kJ/g ( Table 4 , Fig. 2) . Ecomponenu was 19-2 kJ/g estimated from the multiple regression model: energy storage (kJ/d) = A + bl body-weight (kg) + b2 WtG (g/d) .
No significant interactions were demonstrated for the independent variables. The partial coefficients for the breast-fed and formula-fed infants (25.1 v . 10.0 kJ/g respectively) were not statistically different, the partial coefficients derived for the 1-and 4-month-old 
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.- infants (11.7 v. 10.9 kJ/g respectively) did not differ, and the partial coefficients for boys and girls were not different. The ability to detect statistically significant differences by feeding mode, age or sex is limited by individual variation and experimental error. Esynthesis, computed as the slope of the simple regression of "DEE on WtG, was 1.2 kJ/g ( Table 5 , Fig. 3 ). It should be noted that the slope was not statistically different from zero. Large variability in the energy balance data may preclude attempts to estimate precisely a relatively small quantity, such as Erynthesis. A value of 0.4 kJ/g was predicted by the multiple regression model: TDEE (kJ/d) = A + bl body-weight (kg) + b2 WtG (g/d).
The partial coefficient, 0.4 kJ/g, was not statistically significant. These estimates of Esynthcsis, 1.2 and 0.4 kJ/g, are considerably less than most experimentally determined values for infants (Table 2) , and imply partial energy efficiencies in the range of 0.95 to 0.98. The values of Espthesis, however, were similar to theoretical estimates derived from biosynthetic pathways (Hommes, 1980) . The values of E,, nents indicated that approximately 95% of the energy storage was attributable to fat. Fdietary fat were the major source for fat deposition, the process might indeed be highly efficient. High rates of energy efficiency in the term infant are speculative, however, because Esynthesis was not resolved with any confidence from the present data set. The large variability in the major components of energy expenditure in the term infant, i.e. maintenance and activity, may preclude attempts to estimate precisely a relatively small quantity, such as Esynthesis.
In summary, the energy cost of growth and its components have been calculated from energy balance data on term infants. Values for E, and Ecompnena were consistent with published values derived from body composition data and values determined from energy balance studies on preterm infants and infants recovering from malnutrition. Values for Espthesis were less than most experimentally determined values, but in agreement with theoretical estimates based on biosynthetic pathways.
